Introduction: Researchers are searching for clinical instruments to predict amyloid positivity for disease classification. Informant-based reports could detect disease status. This study compares subjective memory complaints captured by informant-based reports between positron emission tomography (PET)-positive and PET-negative patients and hypothesizes that amyloid PET positivity associates with increased informant-based cognitive complaints. Methods: Ninety-eight amnestic mild cognitive impairment or mild dementia subjects were studied. Subjective report was captured by the informant-driven Alzheimer's Questionnaire (AQ) administered before PET. Differences in demographics and AQ score by diagnostic status and amyloid status were measured, and a receiver-operating characteristic curve was calculated.
Introduction
Amyloid b (Ab) protein deposition in the brain is a hallmark feature of Alzheimer's disease (AD) [1] . With recent advances in neuroimaging, it has become possible to assess amyloid status in vivo as measured by Ab positron emission tomography (PET) scan. The ability to determine brain amyloid pathology has substantial clinical benefits and allows for improved confidence in the diagnosis of cognitive decline due to AD, as many studies have shown a positive correlation between Ab PET-positive individuals and their likelihood to progress to AD [2, 3] . Additionally, amyloid status can alter the treatment and care decisions for individuals with mild cognitive impairment (MCI) and dementia [4, 5] . The challenge with amyloid PET scanning is that it is not widely available [6] and is prohibitively expensive for many patients as it is not a covered service under Medicare [7, 8] . Thus, finding easily available, inexpensive tools capable of detecting amyloid status has significant potential for patient care.
Objective assessments of cognitive functioning have value in improving the accuracy of clinical diagnoses of early cognitive decline [9] . There is also increasing evidence suggesting that questionnaires eliciting subjective memory complaints (SMCs) are viable screening measures sensitive to objective cognitive impairment and, moreover, that qualitative analysis of SMCs is able to predict prodromal clinical manifestations of dementia [10] . Examples of published questionnaires for SMCs include the AD8 [11] , the Informant Questionnaire on Cognitive Decline in the Elderly [12] , and the Memory Functioning Questionnaire [13] .
The Alzheimer's Questionnaire (AQ) [14] is an informantbased SMC questionnaire that evaluates five domains associated with AD including memory, orientation, functional ability, visuospatial, and language. Prior research with the AQ has demonstrated its ability to differentiate patients with clinically diagnosed mild cognitive impairment (MCI) and AD from normal aging with high sensitivity (89.0% for MCI and 99.0% for AD) and specificity (91.0% for MCI and 96.0% for AD) [15] . The AQ also demonstrated good internal consistency (Cronbach's a 5 0.88). This pilot study was then followed by a larger validation study that included 300 individuals (100 with AD, 100 with amnestic mild cognitive impairment [aMCI] , 100 normal) [16] . The results of the validation study were very similar to that of the pilot study with sensitivity and specificity for aMCI being 89% and 91%, respectively. Internal consistency remained high (Cronbach's a 5 0.89) while the between-domain correlations were modest (r 5 0.45-0.69), indicating that the individual domains of the AQ are measuring distinct constructs. In a subsequent study using a subset of aMCI and cognitively normal individuals from the validation study, analyses of the individual AQ items were carried out to determine which cognitive symptoms were most strongly associated with aMCI [15] [17] .
To date, very few studies have assessed the relationship between SMCs and pathological status. Some early studies with the Memory Functioning Questionnaire have shown that poorer subjective ratings of memory, executive functioning, and overall cognition were significantly correlated with greater PET tracer uptake indicating greater amyloid burden [18, 19] . Additionally, individuals with a greater number of SMCs were more likely to be amyloid positive even after controlling for neurodegeneration status (positive or negative), age, and education [18] . While the AQ has been shown to improve diagnostic accuracy, this informant measure has not yet been associated with Ab protein positivity.
As such, the primary aim of the present study was to determine the ability of subjective reports captured by the informant-based AQ to differentiate amyloid status as determined by PET scan to determine if an increase in subjective memory complaints is associated with increased Ab protein positivity in the brain. Given past research with the AQ showing that individuals with MCI and AD have higher scores than cognitively normal individuals, we hypothesized that individuals who are amyloid PET positive will have higher AQ scores, and AQ cutoffs might be used to predict amyloid PET positivity in the future. Establishing the sensitivity of the AQ to amyloid status will bolster its utility in the clinical setting and would offer an additional tool for clinicians to identify those patients with increased likelihood of amyloid pathology.
Methods

Subjects
Archival records from 98 patients seen at an outpatient neurology center in the Southwest United States who underwent an amyloid PET scan as part of the Imaging Dementia-Evidence for Amyloid Scanning (IDEAS) study were reviewed. The minimal risk protocol was approved by the St Joseph's/Dignity Health/Barrow Neurological Institute Institutional Review Board prior to records being reviewed. All study procedures were reviewed and approved by the Institutional Review Board at Barrow Neurological Institute, St. Joseph's Hospital and Medical Center, Phoenix, Arizona.
Prospectively evaluated patients with mild to moderate AD or MCI were assessed in the memory disorders clinic before being enrolled in the IDEAS study. All participants met inclusion and exclusion criteria for the IDEAS study. They were excluded from this sample if they did not meet the criteria for amyloid PET imaging through the IDEAS study. All participants over the age of 50 years with a diagnosis of mild to moderate AD or MCI, a completed an amyloid PET scan, data from the informant-based AQ, and had a MMSE [20] score of 15-30 were included. All participants with diagnoses of AD met the criteria established by the National Institute on Aging and the Alzheimer's Association [21] , and the diagnosis of MCI was made based on the Petersen criteria [22] . We included MCI patients up to MMSE of 30 that had SMC and a clinical diagnosis of MCI with sufficient cognitive impairment to warrant a diagnosis and further evaluation including amyloid PET. Exclusion criteria included evidence of vascular, traumatic, or inflammatory causes of aMCI evident by noncontrast magnetic resonance imaging and history of major systemic diseases that could possibly affect cognitive function including other dementias (e.g., dementia with Lewy bodies, frontotemporal dementia, overt primary progressive aphasia (such as nonfluent progressive aphasia or semantic dementia), Parkinson's disease dementia, vascular dementia), cardiopulmonary failure, hepatic or renal failure, diabetes mellitus, head injury, stroke, or other neurodegenerative disease. Additional variables including age, sex, education level, clinical diagnosis (established by a behavioral neurologist), and additional significant medical history were gathered from the patient's medical record.
Procedure
Amyloid imaging
Amyloid PET status was acquired from patients seen as part of the IDEAS study between June 2016 and December 2017, which utilized the F-18 florbetapir compound. Imaging was read and reviewed by an expert radiologist who provided a qualitative status of Ab positive (A1) or negative (A2) [23] .
Alzheimer's questionnaire
The AQ was administered to an informant accompanying the patient during clinical consultation as the standard of care. Each question is answered either "yes" or "no" and the sum of the positively endorsed items add up to a total score from 0 to 27. Six AQ items are weighted (i.e., worth two points) given their status as highly predictive of a clinical diagnosis of AD (e.g., repeating questions, disorientation to time [14] ).
Analyses
All data were analyzed using the IBM SPSS statistical package, version 23. Pearson bivariate correlations were conducted to measure the associations between demographic variables (age and education) and AQ total score. Chi-square analyses were conducted to measure potential differences in diagnostic status (aMCI vs. dementia) by amyloid status (positive vs. negative) and to measure differences in sex by diagnostic status and amyloid status. Independent samples t-tests were conducted to measure potential differences using age and education level as dependent variables and amyloid status, diagnostic status, and sex as independent variables. Of note, education data were unavailable for 18 patients who were thus excluded from the t-test analysis evaluating differences in education level. An analysis of covariance was conducted to measure differences in AQ total score with sex as the independent variable and education as a covariate. An independent samples t-test was conducted to measure differences in AQ total score using amyloid status (positive vs. negative) as the independent variable. Differences in AQ score by diagnostic status were excluded from analyses as the AQ was used, in part, to determine clinical diagnosis of MCI and AD. Finally, receiver-operating characteristic curves were plotted to assess overall classification accuracy of the AQ in predicting amyloid positivity.
Results
With regard to sample characteristics, men had significantly more years of education (M 5 16.6, standard deviation 5 3.0) than women (M 5 14.2, standard deviation 5 2.4), t (78) 5 3.78, P , .001, but the sexes did not differ by age, t (96) 5 20.23, P 5 .816. There were no significant sex differences in AQ score, accounting for education, F (1, 77) 5 0.15, P 5 .699. There were also no significant correlations between the AQ total score and demographic variables (age and education). There were no differences between the MMSEs in amyloid PET1 and PET (2) .
With regard to amyloid status, the sample included 65 aMCI/AD subjects that were amyloid PET positive and 33 subjects were reported as amyloid PET negative. Table 1 contains detailed demographic information by amyloid as well as diagnostic status. There was a greater proportion of patients diagnosed with dementia than those diagnosed with aMCI among the amyloid-positive individuals, c 5 5.10, P 5 .024. There were no significant differences in sex, age, or education level by amyloid status. Total AQ was significantly higher for patients who were amyloid PET positive versus those who were amyloid PET negative, t(96) 5 23.54, P 5 .001, d 5 0.79. See Table 2 for AQ total scores by amyloid status. Additionally, the AQ exhibited adequate overall classification in predicting amyloid status, with an area under the curve of 0.71 (95% confidence interval 5 0.607-0.812), P 5 .001 (see Fig. 1 ). Additionally, sensitivity and specificity values corresponding to AQ cutoff scores are presented in Table 3 .
Discussion
In this study, we find that amyloid PET positivity is associated with a greater number of informant-based subjective complaints of cognitive impairment, as measured by the AQ. This finding suggests that there is a higher likelihood of AD pathology in patients who are reported as having increasing levels of cognitive impairment by an informant. The AQ demonstrated moderate overall classification for predicting amyloid positivity suggesting that informantbased subjective reporting might be a potential screen for AD pathology with reasonable sensitivity and specificity.
Other groups have explored the relationship of subjective memory complaints and amyloid PET status. Several studies have found that subjective cognitive complaints were associated with amyloid status or amyloid burden in healthy older adults [18, 19, 24] although others have not found a significant relationship [25] . There is also some evidence that subjective memory complaints in patients with MCI are also associated with amyloid positivity [24] .
However, these prior studies have utilized measures of patient-reported SMCs rather than informant-reported SMCs, and with increasing memory impairment, informant-based measures of subjective cognitive functioning become critical to clinical assessment. For example, Buckley et al. (2015) found that ratings of subjective cognitive complaints between healthy older adults and their informants tended to agree, but these ratings diverged as levels of patient cognitive impairment increased. Specifically, among patients with MCI and informants who expressed high concern for cognitive difficulties, their subjective ratings were negatively correlated. In other words, at greater levels of cognitive impairment (i.e., MCI) when patients reported few subjective complaints their informants endorsed observing a high degree of cognitive difficulty [24] . This highlights the importance of capturing informant ratings of cognitive difficulties as insight is more likely to be affected as memory impairment progresses.
While most research examining subjective cognitive complaints and amyloid status has focused on patient-reported complaints, there is at least one study that examined the relationship between an informant report and amyloid burden. Hollands et al. (2015) found that healthy older adults with high levels of Ab did not significantly differ in the severity of cognitive complaints reported by informants than healthy older adults with low amyloid levels [25] . In contrast, our present findings indicate that amyloid status is associated with significantly greater subjective cognitive concerns endorsed by informants. Differences in diagnostic characteristics may account for this discrepancy as our study examined individuals with clinical diagnoses of aMCI and AD dementia rather than healthy older adults. Alternatively, differences in self report versus informant report may also account for the discrepancy. An informant report becomes important in these disease stages when insight can become impaired [26] . Additionally, Hollands et al. (2015) measured informant-based ratings using the Informant Questionnaire on Cognitive Decline in the Elderly [12] , which, unlike the AQ, is not specific to the types of cognitive difficulties most common in AD.
The findings from this study indicate that the AQ shows promise as a tool to improve diagnostic accuracy in individuals suspected of AD (i.e., those with clinical diagnoses of amnestic MCI and Alzheimer's dementia). The patients included in this study all carried clinical diagnoses of aMCI or AD, and thus, it is notable that the AQ differentiates those that are amyloid positive from those who are amyloid negative despite a relatively homogenous clinical presentation. In other words, patients with clinical diagnoses of aMCI and AD are presumed to likely have Alzheimer's pathology, but the AQ was still able to classify these patients by amyloid status. However, those with atypical presentations of AD (e.g., posterior cortical atrophy or logopenic primary progressive aphasia) may not be accurately classified by the AQ as the types of cognitive complaints assessed by the measure as specific to typically presenting AD syndrome. Overall, this study highlights the potential utility for informant-based subjective cognitive questionnaires in screening individuals for AD pathology. The AQ and other measures may provide cost-effective screening tools for inclusion in clinical trials and to improve diagnostic accuracy and appropriate referrals in settings where testing may be limited by resources and time demands such as primary care. Further research is needed to determine the accuracy of informant-based measures in predicting amyloid status, but our findings indicate that the AQ has promise as an important diagnostic screening tool in the identification of AD pathology.
